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Abstract
Introduction Long-term follow-up studies have revealed a
high frequency of developmental disturbances in preterm
survivors of neonatal intensive care who were formerly
considered to be non-disabled. These developmental dis-
turbances interfere with the acquisition of everyday skills
and, in particular, with normal school functioning.
Methods Developmental and school outcomes of 355
children, age 5 years at the time of the study, who had a
mean gestational age of 30.2 weeks (SD: 1.95) and a mean
birth weight of 1272 g (SD: 326) were investigated.
Children with severe handicaps were excluded from the
study. Perinatal data, information from a parental and
school questionnaire and data from standardized develop-
mental tests were used to explain the differences.
Results An agreement of 72% was found between devel-
opmental follow-up and school outcomes. Normal devel-
opmental results but problematic school outcomes were
found for 15% of the children tested. There were more boys
than girls in this latter group as well as small-for-
gestational-age children with relatively poor motor or
language development. The schools had not identified
problems in 13% of the children, whereas their develop-
mental outcomes were problematic. These children had less
neonatal morbidity and relatively higher IQ’s than children
who also had problematic developmental outcomes but who
had been signalled as problematic by their schools.
Conclusions Schools have a good insight in the school
functioning of children who are developing well and of
children with the lowest developmental scores and the most
complicated neonatal histories. How school and develop-
mental outcomes interrelate in the in-between groups
remains a challenging question that could be answered by
following these children throughout their school career.
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Introduction
The survival rate of very preterm (VPT<32 completed
weeks of gestation) and very low birth weight (VLBW
<1500 g) children has steadily improved during the last
decades, but the prevalence of major disabilities or handi-
caps in these children has remained stable. Follow-up
studies have shown that VPT and VLBW infants are at risk
with regard to neurological dysfunctioning such as cerebral
palsy and mental retardation [6, 17, 31, 33]. Even more
children of these groups experience difficulties in intellec-
tual, speech and language skills as well as clumsiness and
attention and behaviour problems, all of which can affect
school functioning [4, 12, 13, 16, 19, 24, 26].
Significant/severe neurosensory dysfunctioning is usual-
ly detected early, with the result that children with major
handicaps often attend a school for special education from
school entry. Minor developmental impairments and dis-
abilities, however, frequently go undetected until school
age (4 years in The Netherlands). These children start their
school career in mainstream education. Once at school,
however, certain learning problems may become apparent
during the first 2 years (the kindergarten years), but more
often these appear only when the children start formal
academic training [15, 22, 34]. Several reasons may explain
this phenomenon of 'growing into educational deficits'
[2, 9, 18, 20, 27].
Mild developmental disturbances usually pose no prob-
lem for the child until greater demands have to be met at
school or when more detailed evaluations are made. In
addition, the cumulative effect of the failure to acquire
basic skills and the resulting declining motivation may play
an important role. In The Netherlands, schools are focused
strongly on the early detection of children who need special
assistance. After 1 year of education, at the age of 5,
teachers usually have a good impression of both the
cognitive and language development of their children and
of their motor skills and behaviour. Standardized tests are
used to assess children who are not doing well at school,
and the data from these tests are used to underpin the need
for special help for these children. Additionally, many
neonatal intensive care units (NICUs) have follow-up
programmes for premature children in which standardized
assessments of different domains enable an overall evalu-
ation of the child's development.
Within the framework of follow-up research we assessed
a group of VPT and VLBW children at the age of 5 years in
different developmental domains. Perinatal, social and
economic data as well as information on school functioning
were available. This provided the opportunity to compare
school outcomes and developmental follow-up outcomes,
assuming that developmental skills mediate the effects of
biological and social risk factors on school performance
[35]. We studied the degree of agreement between follow-
up assessments and school outcomes as well as the most
important characteristics of the children (perinatal, devel-
opmental and socio-economic) in this context. Our aim was
to obtain a understanding of the (potential) developmental
disturbances in order to facilitate an adequate and timely
signalling of children who need special help to meet their
developmental capacities.
Methods
Study population
The study population consisted of 768 infants of less than
32 weeks of gestation and/or weighing less than 1500 g
who were born between October 1992 and December 1994
and treated in three Dutch neonatal intensive care units: the
Radboud University Nijmegen Medical Centre, the Aca-
demic Medical Centre, Amsterdam, and the Máxima
Medical Centre, Veldhoven. Mortality before the age of
5 years was 131 (17%). Forty-six children (6%) were
excluded because they had participated in another study.
Thirty-three children (4%) with severe or moderate cerebral
palsy, blindness, mental retardation, chromosomal abnor-
malities, inborn errors of metabolism, personality develop-
mental disorders and/or attendance at special schools or
institutions were excluded. Sixty children (8%) of non-
Dutch parents were excluded from the analyses since
school problems could be caused by language and cultural
problems. As a result, 498 children (65%) qualified for the
study.
School performance and socio-economic situation
A questionnaire was mailed to the parents of the participat-
ing children 1 month before follow-up assessments were to
be carried out; these were returned when the family
attended the outpatient clinic for the assessment. The
paediatrician initiated the follow-up assessment by checking
the questionnaire and exploring the answers with the family
in more depth. Within the framework of the present study
we analysed questions addressing school performance and
educational level of the parents (low, middle, high). School
outcome was defined in two categories: (1) normal
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remedial teaching or other forms of extra help) or (2)
problematic (mainstream education with remedial teaching
or special mainstream education; i.e. schools for children
with mild learning, behavioural or cognitive problems). The
parents were asked to fill in the school items together with
the schoolteacher. The educational level of the parents was
used in this study as a measure of the social and economic
situation (SES) because it is the best indicator in predicting
school outcomes in The Netherlands [5].
Perinatal data
Perinatal data were prospectively collected during admission
in the NICU, stored in the NICU databases and retrieved for
data analysis. The following individual characteristics and
perinatal variables were considered: gender, multiple birth,
gestational age, birth weight, small forgestational age (SGA:
birth weight below the 10th centile), low 5-min Apgar score
(<7), intracranial haemorrhage grade 3 and 4 (ICH) [32],
periventricular leucomalacia (PVL), bronchopulmonary
dysplasia (BPD; oxygen dependency at 36 weeks post-
conceptional age or at 28 days of life), ante- or postnatal
use of steroids and length of stay in NICU.
Assessment at the age of 5 years
Clinical assessments were carried out on the health and
neurological functioning of the children (not reported in this
article) and four developmental domains: cognition, lan-
guage, motor functioning and behaviour. A paediatrician, a
child psychologist and a paediatric physical therapist assessed
the children. Appointments were scheduled at random.
Cognitive development was assessed with the Revised
Amsterdam Children’s Intelligence Test (RAKIT) for children
aged 4–11 years (short version). This version has a correlation
of 0.93 with the full-scale test. The concurrent validity with
the Wechsler Intelligence Scale for Children-Revised
(WISC-R) is 0.86 for total IQ (Intelligent Quotient) [3].
This test included logical reasoning, word knowledge,
visual-motor integration and word fluency. It also included
visualsynthesis for childrenyoungerthan5.2yearsandvisual
analysis and memory for children aged 5.2 years or older. The
norm score (IQ score) of the test is 100 with a standard
deviation (SD) of 15. All scores higher or equal to 85 are
classified as normal, while scores below 1 or 2 SD’sa r e
classified as mild or severe cognitive problems, respectively.
The Dutch Language Screening Test assessed language
and speech. This test consists of 39 items covering the use
of vocabulary, comprehension, memory and production of
language, use of plurals, prepositions and pronunciations.
The total score varies from 0 to 52, with a score ≤18
considered to be normal, that of 19–25 considered to
indicate mild problems and that of >25 to indicate severe
problems [7]. The Movement Assessment Battery for
Children (Movement ABC) was used to assess motor
skills. A total motor impairment score (range: 0–40) was
computed by summing the scores on all motor tasks. A total
score ≤10.5 (15th centile) was considered to be normal,
from 11.0 through to 17.0 (5th centile) considered to
indicate children at risk and >17.0 to indicate abnormal
motor development [11, 23].
To assess behavioural outcomes, we used the Child
Behaviour Checklist for children aged 4–18 years (CBCL).
This is a standardized parental questionnaire used to
describe the skills and behavioural problems of children.
It comprises 113 descriptions of behavioural problems, with
each description scored as: 0 (not true), 1 (somewhat or
sometimes true) or 2 (very true or often true). A total
problem score is obtained by summing all items. The
severity of the behaviour problems can be the borderline
and clinical cut-off point, corresponding with standardized
norm scores of 60 and 63, respectively [1, 30]. A normal
score is <60, a mild problematic score is ≥60 and ≤63, and
a severe problem score is >63.
Statistical analysis
In order to compare the results of the follow-up assessments
and school outcomes, we cross-tabulated categorical data
originating from the individual developmental test results of
the children with school outcomes (normal or problematic).
Normal follow-up outcomes were defined as four normal
developmental scores or only one mild developmental
problem score. Problematic follow-up outcomes were
defined as two mild developmental problem scores, one
severe developmental problem score or two or more severe
developmental problem scores.
Cross-tabulation was also used to describe the relation
between the follow-up assessment outcomes and the school
outcomes and the nominal variables (chi-square for
testing). A one-way analysis of variance was used to
assess within each of the follow-up outcomes the differ-
ences between the two types of school outcomes on the
interval variables (F test for testing). The general linear
model (GLM) was used for multivariate testing of the
differences between the two school outcome groups within
each of the two follow-up outcome groups.
Results
Of the 498 children included in this follow-up study, 143
(29%) were not assessed for various reasons (Table 1).
Consequently, all outcome data, including developmental
Eur J Pediatr (2007) 166:693–699 695data, were collected on 355 children at the age of 5 years.
No significant differences were found in perinatal data
between assessed, partly assessed and unassessed children,
with the exception of multiple births in that they were
overrepresented in the assessed group [14].
Mutual correlations between child characteristics and
perinatal variables were present but rather low. The
percentage of children with all follow-up assessment results
being normal or with only one mild developmental problem
score was 64% (n=228); 36% (n=127) of the children had
at least two mild problems or one or more severe problems
according to the four developmental tests. No school
problems were reported for 222 children (63%), while
133 children (37%) were reported to school problems as
reflected in the need for special help (remedial teaching or
other forms of extra help or specialized mainstream
education). One hundred and seventy-five children (49%
of the study group) had normal school outcomes and
normal follow-up outcomes and 80 children (23% of the
study group) had problematic follow-up outcomes and
problematic school outcomes. These results show that for
72% (n=255) of the children there was a positive relation
between school outcomes and the results of the follow-up
assessments. Fifty-three children (15% of the study group)
had school problems, while their developmental test scores
were normal, and 47 children (13% of the study group) did
not receive any extra help at school, although they had test
scores that fell in the problematic range. However, for 100
children (28%) there was no concordance between the
school outcomes and follow-up assessment results (Table 2).
A significant difference (χ
2=66.44, p=0.00) was found
between the two school outcome groups, with more
developmental problems in the school problem group.
Children who received special help at school although they
had obtained normal follow-up assessment results, differed
significantly from the children with normal follow-up
results without special assistance. This subgroup comprised
more boys and SGA children who had lower Movement
ABC scores (motor skills) and, in particular, lower
language screening test scores.
For children who did not receive any extra help at
school, even though problematic follow-up assessments
Table 1 Eligible and assessed
children n Percentage n Percentage
Cohort 1992–1994 768 100
Died 131 17
Excluded because of participation in an other study 46 6
Excluded because of severe handicap and/or in Special Schools 33 4
Children of non-Dutch parents 60 8
Eligible 498 65 498 100
Address unknown 25 5
Moved outside the
country
51
Treated in another hospital 6 1
Impossibility to make a convenient appointment 29 6
Refusal by the parents 38 8
Assessment not fully performed 40 8
Assessed 355 71
Table 2 Follow-up outcomes
versus school outcomes School outcomes: Normal: n=222
(100%)
Problematic:
n=133 (100%)
Total: n=355
(100%)
Follow-up outcomes:
Normal: n=228 (64%)
Four normal developmental scores 124 (56%) 26 (20%)
One mild developmental problem score 51 (23%) 27 (20%)
Subtotal 175 → 49%
53 → 15%
Problematic: n=127 (36%)
Two mild developmental problem scores 8 (4%) 10 (7%)
One severe developmental problem score 36 (16%) 54 (41%)
Two or more severe developmental
problem scores
3 (1%) 16 (12%)
Subtotal 47 → 13%
80 → 23%
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who did receive extra help. This subgroup was less preterm,
had higher Apgar scores, had had BPD less often and was
treated less frequently with steroids during the neonatal
period. Their scores on the Movement ABC, the language
screening test and, in particular on the RAKIT (intelligence
test) were better (Tables 3 and 4). Within each of the
follow-up assessment groups (normal or problematic
assessment results) the MANOVA showed significant
differences between the two school outcome groups
(F=3.47, p<0.01, df=6.22 and F=3.29, p<0.01, df=6.12,
respectively).
Table 3 Means, standard deviations (SD) and one-way analyses of variance for normal and problematic school outcomes
Follow-up outcomes School outcomes
Normal Problematic F
Mean SD Mean SD
Gestational age Normal 30.08 1.85 30.50 1.54 2.33
Problematic 30.69 2.01 29.90 2.30 3.82*
Birth weight Normal 1286.24 319.20 1314.28 307.09 .32
Problematic 1225.09 306.43 1241.22 364.36 .06
NICU stay Normal 27.20 22.33 25.07 16.53 .42
Problematic 26.91 20.82 36.94 37.17 2.89
RAKIT IQ Normal 104.82 11.77 102.39 10.64 1.83
Problematic 95.17 12.19 86.74 12.92 13.19***
Movement ABC Normal 6.11 4.31 7.81 4.23 6.44*
Problematic 15.30 7.71 18.38 9.10 3.80*
Language score Normal 8.29 4.68 10.78 5.74 10.48***
Problematic 11.55 7.86 15.48 8.48 6.73*
CBCL Total problem score Normal 47.22 8.83 48.06 8.25 .38
Problematic 55.32 10.70 55.05 12.06 .02
*p<0.05, ***p<0.001
Table 4 Comparison of
child's characteristics, perinatal
data and parents’ education
with normal and problematic
school outcomes
*p<0.05, **p<0.01
Follow-up outcomes School outcomes χ
2
Normal Problematic
Percentage Percentage
Male Normal 42 57 4.10*
Problematic 64 63 .01
Multiple birth Normal 35 44 1.43
Problematic 32 36 .20
SGA Normal 23 37 4.29*
Problematic 4 25 3.25
Apgar score Normal 15 7 2.27
Problematic 47 31 8.73*
ICH Normal 5 0 2.55
Problematic 4 6 .21
PVL Normal 2 2 .04
Problematic 2 6 1.09
BPD Normal 4 6 .24
Problematic 0 16 8.40**
Neonatal steroids Normal 1 0 .31
Problematic 0 11 5.62*
Parents education-high Normal 42 36 .73
Problematic 39 26 2.15
Parents education-middle Normal 47 51 .11
Problematic 38 48 .90
Parents education-low Normal 11 13 .18
Problematic 23 26 .10
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The developmental skills of children are largely expressed
in school functioning [25]. Therefore, it would be expected
that there is a great concordance between the assessments
of the NICU follow-up teams and school teams with respect
to the identification of children who need special assistance
at school. The results of this study support this expectation
with respect to children with good developmental outcome
assessments and those with obvious problematic develop-
mental outcomes. While the latter group mainly consisted
of children with very low gestational ages and/or serious
perinatal problems, some were being faced with the direct
adverse consequences of the use of neonatal steroids [36]. It
is likely that the problems of these children and the genuine
concern of parents and teachers has offered them the extra
attention and assistance they required.
Children with relatively normal developmental outcomes
who, notwithstanding this, received extra help at their
schools, still had language and/or motor problems that
apparently interfered with school functioning, thereby
causing schoolteachers to provide them with extra attention
and help. The overrepresentation of boys in this group, as
in both groups with problematic developmental outcomes,
is a frequent finding [8] and because their behavior is often
more demonstrative there is a stronger need to deal with.
More children who were SGA were also found in this
group. A number of these were still small at the age of
5 years, which may have led to overprotection or the
conviction that the child needs more time or help to be
ready for reading, writing or arithmetic [10, 21]. Further
research should reveal if the problems of this latter group of
children are attributable to not being ready for learning
(pre) academic skills or to still being too playful, or
whether it concerns serious learning and developmental
problems.
The limited number of children with developmental
problems who were not signalled by the school did not
have special characteristics with the exception of having
slightly better developmental outcomes and/or having not
been born extremely premature, having not been subjected
to neonatal steroids and/or having had a somewhat less
complicated neonatal period. It is possible that their
developmental problems did not interfere with school
functioning or they were able to compensate for them, but
it is also possible that their parents and/or teachers did not
signal their problems adequately. Parents are sometimes
very relieved that the first difficult and worrisome years are
over and unconsciously cut themselves off from new
problems or both parents and teachers lower their expect-
ations and demands because of overprotection. We did not
find that less well-educated parents had more difficulties in
mobilizing extra help for their children than relatively well-
educated parents. Children of the former displayed devel-
opmental problems more often, but they received extra help
and assistance in the same ratio as children of relatively
more highly educated parents. Based on this line of
reasoning a possible overrepresentation of children of less
well-educated parents in the unassessed group would not
change the degree of concordance between the follow-up
results and school outcomes.
One may question whether our developmental tests were
sensitive enough to register minor neurological signs. In the
overall study the paediatrician did a neurological examina-
tion (the modified Touwen examination) [28]. This exam-
ination classified 120 (34%) of the children participating in
this study with neurological problems (disabling cerebral
palsy, non-disabling cerebral palsy, minimal neurological
dysfunction and gross motor retardation). Ninety-five
(93%) of these children were also classified as problematic
by one or more of the other instruments. While these
neurological data provide a more complete picture, they do
not improve the degree of concordance between school
outcome and follow-up outcome (70%).
Of the preterm children tested at age 5 years, one-half
were found to have problems in the developmental assess-
ments or in school functioning. This outcome confirms the
findings of others that follow-up research in more than one
developmental domain in combination with school out-
comes shows a more problematic outcome picture [29].
Schools are doing quite well in identifying children with
and without developmental problems, but the need for
longitudinal multidisciplinary follow-up programmes in
different developmental domains remains. Information that
promotes the understanding of the development of these
children during their school career provides schools and
parents with more tools for early detection and will facilitate
the design and evaluation of intervention programmes.
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